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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

DIFFERENTIAL PHOTOELECTRIC 
RECEIVER CIRCUIT 

Background of Invention 

[0001] FIELD OF THE INVENTION 

[0002] This invention relates to optical transceivers. In particular, this invention relates to 
a differential photoelectric receiver circuit having low noise and a wide bandwidth. 

[0003] BACKGROUND OF THE INVENTION 

[0004] An infrared transceiver is a high gain, wide bandwidth system. The photoelectric 
sensor or front edge stage of the receiver, which converts optical energy into an 
electrical voltage, is critical to the operation of the transceiver. In order to design an 
effective photoelectric receiver many factors must be considered, two of the most 
important being noise and bandwidth. 

[0005] Typically the front edge stage comprises a transimpedance amplifier for 

converting the photocurrent from a photodiode (PD) to an electrical voltage 

proportional to the optical intensity. For example, Figure 1 illustrates a prior art 

photoelectric receiver transimpedance amplifier circuit in an infrared transceiver. The 

PIN diode PD which is connected between the bias power supply V and the inverting 

P 

input of the operational amplifier U provides a current in proportion to the intensity of 
an infrared signal striking the active area of the PIN diode PD. The non-inverting input 
of the operational amplifier is grounded, creating a virtual ground on the inverting 
input. 

[0006] This circuit has the advantage of providing a constant bias on the PIN diode PD 
due to the virtual ground. However, the photoelectric receiver circuit of Figure 1 has 
poor immunity to noise and interference because it lacks a differential structure, and 
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therefore cannot reject common mode noise and interference. Moreover, tiie bias 

voltage V must provide the full photocurrent, which can be as large as several tens 
P 

of milliamperes, and it is very difficult to integrate into the same chip as the front 
edge circuit a voltage regulator which has low noise and yet provides such a large 
current. The noise of the voltage regulator would become the main source of noise in 
the system. 

[0007] Figure 2 illustrates a prior art differential photoelectric receiver. As long as Rl = 
R2, this circuit is a differential circuit for small signals and thus provides the 
advantage that it has a very good common mode noise rejection ratio. The diode PD is 
AC coupled to the operational amplifier U through identical capacitors CI and C2, as 
required in infrared communication to filter out low frequency optical noise, and the 
capacitors CI , C2 eliminate the effect of the PIN diode PD bias to the input bias of the 
differential amplifier U. 

[0008] The disadvantages of the circuit of Figure 2 are: 

[0009] 1) The PIN diode PD bias is not constant. When the photocurrent detected by the 
diode PD increases the PIN diode bias decreases, so that the parasitic capacitance of 
the PIN diode PD increases and the bandwidth of the diode PD decreases. Thus, when 
the optical power is very strong communication pulses tend to merge. 

[001 0] 2) The bias voltage V must provide the full photocurrent, as in the circuit of 

P 

Figure 1 , which presents the same problem of implementing the photoelectric receiver 
circuit of Figure 2 with a voltage regulator into a single chip. 

[001 1] 3) Since the resistances of Rl and R2 cannot be very large (the maximum 

allowable resistance would be in the order of 1 0 kW), the capacitance of the coupling 
capacitors CI , C2 must be large to reach a required low cutoff frequency and would 
occupy a substantial area of the chip die. 

[001 2] United States patent No, 5,389,778 issued February 1 4, 1 995 to Shinomiya 
teaches a photoelectric conversion circuit utilizing transimpedance amplifiers in 
association with frequency selecting components comprising a tuning circuit and LC 
resonators. The frequency selecting components form a narrow bandwidth network, 
which filters out noise outside of the selected band. However, this circuit is not 
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symmetrical and therefore cannot reject common mode noise over a wide bandwidth. 
Further, the PIN diode bias is supplied by the voltage source directly, so that the 
photocurrent, including noise from the voltage source, flows through the circuit as a 
load current, resulting in poor common mode noise rejection. 

[001 3] U.S. patent No. 5,343,1 60 issued August 30, 1 994 to Taylor teaches a 

symmetrical transimpedance amplifier circuit for a photoelectric receiver, which 
utilizes a combination of DC feedback loops and AC feedback loops to control the 
gain of the circuit. The use of AC coupling in this case reduces the low frequency 
performance of the circuit, and AC feedback from the operational amplifier output 
supplies the PIN diode bias voltage, so that when the optical signal has a wide 
bandwidth, the low frequency components (which are prevalent in optical 
communication systems) can decrease the PIN diode bias voltage due to the low 
frequency gain of the AC signal coupling amplifier. This increases the PIN diode 
parasitic capacitance and causes degradation of the high frequency performance of 
the circuit as well as extra phase shifting, which can lead to instability. 

Summary of Invention 

[0014] The present invention thus provides a photoelectric receiver circuit for converting 
an optical signal to an electrical signal, comprising: first and second transimpedance 
amplifiers, a photodiode having a first end connected to an inverting input of the first 
transimpedance amplifier and a second end connected to an inverting input of the 
second transimpedance amplifier, and a differential amplifier having inputs AC 
coupled to outputs of the first and second transimpedance amplifiers, wherein when 
higher and lower voltages are respectively applied to the non-inverting inputs of the 
first and second transimpedance amplifiers, a substantially constant bias voltage is 
maintained on the photodiode. 

[0015] 

The present invention further provides an optical transceiver comprising a 
photoelectric receiver circuit for converting an optical signal to an electrical signal, the 
photoelectric receiver circuit comprising: first and second transimpedance amplifiers, 
a photodiode having a first end connected to an inverting input of the first 
transimpedance amplifier and a second end connected to an inverting input of the 
second transimpedance amplifier, and a differential amplifier having inputs AC 
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coupled to outputs of the first and second transimpedance amplifiers, wherein when 
higher and lower voltages are respectively applied to the non-inverting inputs of the 
first and second transimpedance amplifiers, a substantially constant bias voltage is 
maintained on the photodiode. 

[001 6] Various other objects, features, and attendant advantages of the present invention 
will become more fully appreciated as the same becomes better understood when 
considered in conjunction with the accompanying drawings, in which like reference 
characters designate the same or similar parts throughout the several views. 

Brief Description of Drawings 

[001 7] The following drawings illustrate by way of example only a preferred embodiment 
of the invention. 

[001 8] Figure 1 is a schematic diagram of a prior art transimpedance amplifier 
photoelectric receiver circuit. 

[001 9] Figure 2 is a schematic diagram of a prior art differential photoelectric receiver 
circuit. 

[0020] Figure 3 is a schematic diagram of a photoelectric receiver circuit according to the 
present invention. 

[0021] Figure 4 is a schematic diagram of a further embodiment of a photoelectric 
receiver circuit according to the present invention. 

Detailed Description 

[0022] The present invention overcomes these disadvantages by providing a photoelectric 
receiver circuit, which provides a differential structure for good common mode noise 
voltage rejection, and maintains a constant bias on the PIN diode. 

[0023] 

The invention accomplishes this by providing a symmetrical front edge circuit 
having a transimpedance amplifier on each side of the PIN diode, the outputs of 
transimpedance amplifiers being AC coupled to a differential post amplifier. The 
differential structure of the front edge circuit of the invention provides a very high 
common noise voltage rejection ratio and a virtual ground to the inverting inputs of 
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the transimpedance amplifiers. 

[0024] In the preferred embodiment of the invention, a differential PIN diode bias voltage 

is established by separate bias voltages V and V respectively applied to the 

pi p2 

non-inverting input of each transimpedance amplifier. The PIN diode bias always 
equals the difference between the bias voltages, and is therefore constant. Since the 
photocurrent does not flow through the bias voltages, the input impedance of the 
operational amplifiers is very high and the current of the bias voltages V and V 
can be very small. Thus, a low-noise voltage regulator can be used to supply power to 
the bias voltages in the invention. Moreover, since the differential post amplifier can 
have a very high input impedance, up to several MW, the AC coupling capacitors can 
be very small, to conserve space on the chip die, while still achieving a required low 
cut off frequency. 

[0025] In the preferred embodiment auxiliary DC currents are applied to both sides of the 
PIN diode, maintaining the PIN diode bias as high as possible and maximizing the 
output swing ranges of the transimpedance amplifiers, in order to retain a wide 
bandwidth. The DC current sources also allow the output bias voltages of the 
transimpedance amplifiers to be adjusted to any desired level. When the DC current 
sources are controlled by the transimpedance amplifier outputs through a low pass 
filter, the output bias offset caused by ambient light can be eliminated. 

[0026] In one preferred embodiment of the invention the feedback resistors may be 
variable resistors, providing automatic gain control. 

[0027] invention accordingly provides a completely symmetric AC coupled analog 

photoelectric receiver circuit, which improves the system signal-to-noise ratio and 
common mode noise voltage rejection ratio. Through the use of wide bandwidth 
transimpedance amplifiers to convert current to voltage, the photoelectric receiver 
circuit of the invention can operate over a wide bandwidth. The output voltage ranges 
of the transimpedance amplifiers are maximized by the use of DC current sources 
applied to the inverting inputs of the transimpedance amplifiers, the separate voltages 
through virtual grounds provide constant PIN diode reverse bias independent of the 
PIN diode photocurrent and signal frequency. Further, due to the high input 
impedance of the differential post amplifier, small AC coupling capacitors can be used 
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to conserve space on the chip die while still providing good low frequency 
performance and a very low low-cut off frequency, which is particularly useful for 
wide bandwidth applications. 

[0028] In further aspects of the invention the transimpedance amplifiers each comprise 
an operational amplifier having an inverting input, a non-inverting input and an 
output, and a feedback resistor connected between the inverting input and the output; 
a DC current source supplies a DC current to the inverting input of each operational 
amplifier, the level of DC current applied to each inverting input optionally being 
controlled by the output of the respective transimpedance amplifiers through a low 
pass filter; and/or both of the feedback resistors are variable resistors to thereby 
provide automatic gain control. 

[0029] Figure 3 illustrates a preferred embodiment of a photoelectric receiver circuit for a 
photoelectric transceiver in accordance with the present invention. A first 
transimpedance amplifier comprises a first operational amplifier 1 0 having a resistor 
1 2 connecting the output to the inverting input of the operational amplifier 1 0, and a 
second transimpedance amplifier comprises a second operational amplifier 20 having 
a resistor 22 connecting the output to the inverting input of the operational amplifier 
20. Preferably operational amplifiers 1 0, 20 are identical and resistors 1 2, 22 are 
identical. 

One side of a photodiode, in the infrared photoelectric receiver shown a PIN diode 
2, is connected to the inverting input of the first operational amplifier 1 0 and the 
other side of the PIN diode 2 is connected to the inverting input of the second 
operational amplifier 20. The virtual ground of the inverting inputs and the non- 
inverting inputs of the operational amplifiers 10, 20 maintain a reverse bias on the PIN 
diode 2 equal to the voltage difference between the non-inverting inputs of 
operational amplifiers 10, 20. 

The outputs of the operational amplifiers 10, 20 are AC coupled through 
capacitors 1 8, 28 to a differential amplifier 30, which thus produces an amplified 
voltage between its positive and negative output terminals based on the voltage 
difference between the transimpedance amplifier outputs. The outputs of the 
operational amplifiers 10, 20 in turn vary in proportion to the photocurrent emitted by 
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the PIN diode 2, so that the differential amplifier 30 outputs positive and negative 
electrical signals having a difference proportional to the intensity of light striking the 
PIN diode 2. 

[0032] In the preferred embodiment DC current sources 40, 42 are connected to both 
sides of the PIN diode 2, which maximize the output swing ranges of the operational 
amplifiers 1 0, 20. DC current sources 40, 42 also allow the output bias voltage of the 
transimpedance amplifiers to be adjusted, as described below. 

[0033] in operation, a differential PIN diode reverse bias voltage is established by bias 

voltage sources V V ^ respectively applied to the non-inverting input of each 
pi p2 

transimpedance amplifier, which provide constant reverse bias on the PIN diode 2 
independent of the PIN diode photocurrent and signal frequency. In the preferred 
embodiment DC current sources 40, 42 are connected to both sides of the PIN diode 
2, which allows the output voltage of the transimpedance amplifiers to be adjusted to 
maximize the output swing range. 

[0034] Bias voltages V and V ^ respectively applied to the non-inverting inputs of 

p I p2 

operational amplifiers 1 0, 20, are preferably maintained close to the voltage limits of 

the power supply, so in the embodiment illustrated V is close to V and V is 

pi dd p2 

close to 0 V (ground). With no light striking the PIN diode 2, the PIN diode 2 is 

quiescent. The bias voltage V establishes a steady positive output voltage from 

operational amplifier 1 0, which if V is close to V and no current source I 

pi dd 1 

exists is very high. Similarly, the bias voltage V establishes a steady negative 

output voltage from operational amplifier 20, which if V is close to ground and no 

P2 

current source I ^ exists is also very low. The difference between the outputs of 
operational amplifiers 10, 20 remains constant and the DC content is filtered out by 
the AC coupling capacitors 1 8, 28, so the output of the differential amplifier 30 is 
zero. 

[0035] ^p,^^ infrared light strikes the PIN diode 2 a photodiode current passes from the 
inverting input of operational amplifier 1 0 to the inverting input of operational 
amplifier 20. A positive current is thus established at the inverting input of 
operational amplifier 10 and a negative current is established at the inverting input of 
operational amplifier 20, the currents being proportional to the intensity of light 
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striking the PIN diode 2. The PIN diode current drives the output of operational 
amplifier 10 higher (more positive) and drives the output of operational amplifier 20 
lower (more negative) to the same degree. 

[0036] The resulting change in the output voltages of the operational amplifiers 1 0, 20 
respectively raises and lowers the voltages at the positive and negative inputs of the 
differential amplifier 30. The differential amplifier 30 thus produces an amplified 
output proportional to the voltage difference between the outputs of the 
transimpedance amplifiers. 

[0037] The currents from DC current sources 40, 42 are superposed onto the PIN diode 

current at the respective inverting inputs of the operational amplifiers 10, 20. DC 

current sources 40, 42 thus allow the outputs of the operational amplifiers 1 0, 20 to 

be adjusted to any desired level, by selectively reducing or increasing the sink or 

source currents at the inverting inputs of the operational amplifiers 1 0, 20. The PIN 

diode bias always equals V -V ^ , due to the virtual ground of inputs of the 

pi p2 

operational amplifiers 10, 20, and is therefore constant. 

[0038] Since the current emitted by the PIN diode 2 is not used to generate the PIN diode 
bias voltage, and the input impedance of the operational amplifiers 10, 20 is very high 

so the current of the bias voltages V and V ^ can be kept very small, a small iow- 

Pl p2 

noise voltage regulator (not shown) is sufficient to establish the bias potential on the 
PIN diode 2. The differential amplifier 30 can also have a very high input impedance, 
up to several MW, and thus the AC coupling capacitors 1 8, 28 can also be very small 
to conserve space on the chip die while still being able to reach the desired low cut- 
off frequency. At the same time, the differential structure of the photoelectric receiver 
circuit of the invention provides a high common mode noise rejection ratio. 

[0039] In a further embodiment, illustrated in Figure 4, the feedback resistors R and R 
^2 may be variable resistors such as FETs 46, 48. This embodiment provides automatic 
gain control by varying the feedback current from the outputs of the operational 
amplifiers 1 0, 20. Also, as shown in the embodiment of Figure 4 the current sources 
40, 42 can be controlled by the transimpedance amplifier outputs through low pass 
filters 50, 51, which maximizes the output swing ranges of the operational amplifiers 
10, 20 and eliminates the bias offset caused by ambient light. 
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[0040] The invention thus provides a completely symmetrical AC coupled wide bandwidth 
analog front edge circuit structure, which improves the system signal-to-noise ratio 
and common mode noise rejection ratio. The output voltage ranges of the 
transimpedance amplifiers can be maximized by the implementation of DC current 
sources 40, 42 applied to the inverting inputs, and the constant PIN diode reverse bias 
Is independent of the PIN diode photocurrent and signal frequency. 

[0041] In summary, a photoelectric receiver circuit provides a symmetrical sensor having 
a transimpedance amplifier on each side of the PIN diode, the outputs of the 
transimpedance amplifiers being AC coupled to a differential post amplifier. The 
differential structure provides a very high common noise voltage rejection ratio and a 
virtual ground to the inverting inputs of the transimpedance amplifiers. In the 
preferred embodiment a differential PIN diode bias voltage is established by separate 
bias voltages respectively applied to the non-inverting input of each transimpedance 
amplifier. Thus, a low-noise voltage regulator can be used to supply power to the bias 
voltages in the invention, and the AC coupling capacitors can be very small to 
conserve space on the chip die. Auxiliary DC currents applied to both sides of the PIN 
diode maintain the PIN diode bias as high as possible and maximize the output swing 
ranges of the transimpedance amplifiers in order to retain a wide bandwidth. The DC 
current sources allow the output bias voltages of the transimpedance amplifiers to be 
adjusted, and when controlled by the transimpedance amplifier outputs through a low 
pass filter, the output bias offset caused by ambient light can be eliminated. The 
feedback resistors may be variable resistors to provide automatic gain control. 

[0042] A preferred embodiment of the invention having been thus described by way of 

example, certain modifications and adaptations will be apparent to those skilled in the 
art. The invention includes all such modifications and adaptations as fall within the 
scope of the claims. 
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